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(54) Title: COATING OR MATRIX MATERIAL FOR MEDICAMENTS 



(57) Abstract 

A coating or matrix material for medicaments, comprising a copolymer of (meth)acrylic acid and alkyl or hydroxyalkyl 
(meth)acrylate, will have the property of being resistent to gastric juice and dissolving or disintegrating only in the colon if the ra- 
tio of free carboxy groups to esterified carboxy groups in the copolymer is between 1 :4.5 and 1 :3 (the limiting values excluded). 
Such copolymers may be prepared either by direct copolymerisation of monomers in such proportions that a copolymer havmg 
the specified ratio is obtained, or else by starting with a copolymer having a ratio between 1 :1 and 1 :3 and partially esterifying the 
free carboxy groups therein to reach the spedfied ratio. 
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Coating or matrix material for medicaments 

This invention relates to a coating or matrix 
material for medicaments which is resistent to gastric juice 
and will disintegrate only within the large intestine (co- 
lon) . Further, it relates to a method of preparing such a 
5 coating or matrix material and to medicaments provided with 
a coating or matrix of that material. 

In many cases, it is desirable to coat a medicament 
in such a way that the active ingredient is only released 
after a predetermined time interval or after reaching a 

10 certain location within the body. Thus, many medicaments for 
oral administration are provided with a coating or matrix of 
a material which is resistent to gastric juice but will 
disolve or disintegrate in the juice of the small intestine, 
thus allowing the active ingredient to pass the stomach 

15 without any hindrance and to be released only in the small 
intestine to excercise its activity. Materials of this type 
are commonly indicated as gastric-resistent coating or 
matrix materials or "enteric coating matrix materials". 
Suitable examples thereof are: methacrylate polymers and 

20 copolymers, cellulose derivatives esterified with polybasic 
acids, and polyvinyl acetate-phthalate. 

In some cases, it is desired to provide a medicament 
with a coating or matrix which can withstand gastric as well 
as enteric environments and which will release the active 

25 ingredient only when the medicament has reached the large 
intestine and in particular the colon. This may be suitable 
in treating special colon diseases such as Crohm's disease 
and several types of colon cancer but also to reach a higher 
efficacy of medicaments such as corticosteroides , laxatives, 

30 vermicides and the like, thus allowing smaller doses to be 
sufficient. Most of the cited coating and matrix materials 
are unsuitable for this purpose, however, because they will 
dissolve or disintegrate already in the small intestine. 

It has been suggested already to coat medicaments 

35 with polymers which have been cross-linked with azoaromatic 
groups. Such polymers would protect the medicament against 
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absorption within the stomach and the small ini- . • 
would release the medicament in the L " ''"^ 

disintegration through activity o^t^e :LrLl °' 
therein. Reported data show, hLevertTat " 
5 differences are existing that large individual 

ajre existxng xn practice ( Saf-F-rsn -. 
ce, 1986, 233, 1081). CSaffran et al, scien- 

as prevailing in the coir,n * ^ ^ ^"^^ 

« .ree car.!,, ,";:r,.:e "riH^^^ "^^^ ""^ 
copolyaer is between 1:4 5 and ^ ^ f ^'""^ ^" '^"^ 

in intestinal Juice at a l^xZL l^^TT 
ratio ana the copolymer win dissolvror di^i:! /"^ 
ay prior to reachin, the colon at a t.lLTlT^"^ 

-":d\:L^:traTar T ^'-^'^ - --^ -^rstr"^ 

have a ...^Zl ui 2 'TI T^T'^""^'^ °' 

2B groups to esterified ! " " '=«''°==y 

^ F to esterified carbojcy groups and will et»«- <-„ ^- • 

tegrate already in the small intestine at pH I . 
respectively, thus rendering the. uns'^^^ L ' 
ses of the invention. "iMhle for the purpo- 

carboxy groups is between 1:4.5 and 1-3 ^-k n . "^^^'^ 
of this T-anr,^ • -^-^-f and 1.3, the limiting values 

T:nis range being excluded. 

copolymers meant herein ar-o 
acid or .ethacryUc acid uni-ts Sfof"^^^^ 
aroxyallcyx acrylate, alKyl „etha=rylate Z hyd^^^ 
methacrylate units, in random or ordered se Jen^T^^ 
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alkyl groups will have 1-5 and preferably 1-3 carbon a^oms 
whereas the hydroxyalkyl groups will have 1-5 and preferably 
2-4 carbon atoms* Suitable examples are copolymers of metha- 
crylic acid and methyl methacrylate , copolymers of methacry- 
5 lie acid and ethyl methacrylate as well as copolymers of 
methacrylic acid and methyl acrylate. However, they should 
satisfy the condition that the ratio of free carboxy groups 
to esterified carboxy groups is between 1:4.5 and 1:3. 

The invented coating or matrix material may be 

10 prepared in general in several ways. Thus, it is possible 
that preparation is effected by copolymerisation of (meth)- 
acrylic acid and alkyl or hydroxyalkyl (meth) acrylate in 
such proportions that the ratio of free carboxy groups to 
esterified carboxy groups in the end product is between 

15 1:4.4 and 1:3. Such a copolymerisation may be effected 
conventionally as an emulsion polymerisation. 

Another option which is preferred at the moment 
comprises starting with a copolymer of (meth) acrylic acid 
and alkyl or hydroxyalkyl (meth) acrylate wherein the ratio 

20 of free carboxy group to esterified carboxy groups has a 
value between 1:1 and 1:3, and partially esterifying the 
free carboxy groups therein until the ratio of free carboxy 
groups to esterified carboxy groups is between 1:4.5 and 
1:3. Esterif ication may be effected with alkyl groups or 

25 hydroxyalkyl groups, alkyl groups having 1-3 carbon atoms 
and hydroxyalkyl groups having 2-4 carbon atoms being again 
preferred. Any suitable agent for introducing alkyl or 
hydroxyalkyl groups may be used as an esterif ication agent. 
Diazomethane is a preferred agent for the introduction of 

30 methyl groups. 

The invented copolymer may be used as a coating 
material for medicaments by spraying a solution of that 
copolymer in an organic solvent onto the medicament which 
may have the form of a fine powder, a granulate or tablets 

35 or which may b contained in gelatin capsules. After removal 
of the solvent by drying, the polymer remains as a coating 
layer at the surface of the medicament. 
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In another utilisation, the copolymer is mixed with 
the medicament in such a way that it will form a matrix 
having the medicament embedded therein. In both cases, the 
medicament will be released as soon as the copolymer has 
5 passed the stomach and has reached the colon after oral 
administration . 

In the case that the copolymer is used as a coating 
material for medicaments, several variants are possible 
which may lead to a controlled release of medicament in the 

10 colon or in other parts of the gastro-intestinal tract. 
Thus, various degrees of delay can be obtained by varying 
the solubility characteristics of the coating layer, simply 
by blending copolymers having different values for the ratio 
of free carboxy groups to esterified carboxy groups. Fur- 

15 ther, it is possible to provide different parts or particles 
of the medicament with coating layers of varying thickness 
so as to result into a phased or gradual release. The requi- 
red thickness can be determined by routine experiments but 
it should be noted that a thickness of at least lO /xm is 

20 normally needed for providing sufficient mechanical 

strength. The coating layer may consist as a whole of a 
copolymer according to the invention, but as an alternative, 
this copolymer may form a "window" in an inert coating layer 
or it may lend temporary strength to a coating layer which 

25 is weak in itself. Further, the copolymer-coated medicament 
may be provided with a conventional gastric-res istent coa- 
ting layer and may optionally have an active ingredient 
between the two coating layers; in that way, it is possible 
to ensure release of a medicament in the stomach and/or in 

30 the small intestine, and release of a medicament in the 

colon as well. The material coated with a coating layer may 
be a solid or an aqueous or semi-aqueous liquid, provided 
that this material does not affect or deteriorate the copo- 
lymer. 

•^5 Example 

a) Preparation of a suitable copolymer by methylation. 

The starting material of this example was a commer- 
cially available copolymer of methacrylic acid and methyl 
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methacry late , having about 30% of methacrylic acid units 
(the ratio of free carboxy groups to esterified carboxy 
groups being 1:2.3)- The acid nxmber was 185 (calculated as 
mg of KOH per gram of dry solids) . 
5 10 grams of this copolymer were suspended in 25 ml 

of ether. 50 ml of an ethereal solution of diazomethane 
(concentration 0.425 M) was added thereto and the mixture 
was stirred at room temperature for 5 minutes. The resulting 
product was filtered off, dried in the air and completely 

10 dried at 50 in vacuo. This product had an acid number of 
120 which corresponds to a value of 1:3.5 for the ratio of 
free carboxy groups to esterified carboxy groups. 

In a similar way, a product having an acid number of 
100, corresponding to a value of 1:4 for the ratio of free 

15 to esterified carboxy groups, was obtained from 10 grams of 
starting copolymer and 38 ml of diazomethane solution, 
b) Solubility in vitro. 

A solution of the resulting copolymer in acetone was 
cast onto a glass plate and dried thereon to obtain a film 

20 product. Pieces of the isolated film were introduced in 
glass ttibes containing buffer solutions of different pH 
values (ranging from pH 7 to pH 8). The time period necessa- 
ry for the film to dissolve was measured. The copolymer 
having an acid number of 120 did not dissolve after staying 

25 4 hours in a medivua of pH 7 but had been dissolved after 2 
hours stay in a medium of pH 7.4. The copolymer having an 
acid number of 100 did not dissolve after staying 4 hours at 
pH 7 or pH 7.4 but had been dissolved after 2 hbxirs stay at 
pH 8. 

30 c) Disintegration of the copolymer in vitro 

Pieces of the isolated film were introduced as a 
membrane between the donor compartment and the acceptor 
compartment of a series of diffusion cells. Both compart- 
ments of each cell contained an electrolyte of certain pH 

35 (ranging from pH 7 to pH 8 for the whole s ries of cells) 
and caf fein had been added as a marker to each donor com- 
pairtment. The progression of caf fein concentration within 
the acceptor compartment of each cell was measured spectrop- 
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increase of the ca«ex„ concentration as measured was regar- 
aea^as^xnaacatin, tne disintegration o, the ni» .sea as"^ 

The film from copolymer of acid number 120 disini-o 
and after 50 minutes at pH 8. pH 7.5, 

The film from copolymer of acid number 100 disin^-. 
,ratea a,ter . .ours at pH ... ana a^er .00 ^les at " h" 

d) Behaviour in vivo. 

lite m-'^TTj^^''^^" ""^ P-"-'- Of *-ber- 

„arir ° ul e^hanger which haa been 

IS -TUTS '"''^ ""^ « -o-t o, tl- 

With a film of methylated copolymer. 

The capsules were orally administered to test 
persons and their course through the body was scintiLnH' 
cally monitored with the aid «^ » scmtxgraphi- 
20 image screen th. I ganuna-ray camera and an 

age screen. The time needed by the capsules to reach th. 
colon without disintegration was measured. 

Moreover, a breath test on radio-active CO, was 

TT. . """"^ «»0 """-active 

cholylgiycxne will be ^tabollsea by the intestinal flora 
^ereupon t^C) CO, is breathea out. During the breath test 
00, was captures by hyamine aissolved in ethanol. The 
centration of [^'*ci ro ir, u ■ 
30 nea With a PacL^' o?u„rer '^"^ "^^ 

acla f "^"^^^ ^'^^'^ ^ mating layer from copolyiner of 

f ! '^'^ "^^^^ 300 Minutes (average 

Of 6 test persons, ana radio-active CO, was measured in the 
test persons, breath after 70 minutes resiaence time in ^e 

"sintegratio, .of .the. coati„; 

capsules having a coating layer of 2.1 mg/cm^ from 
copolymer of acid number loo reached the colon wCut 
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disintegration after 3 00 minutes (one test person) and 
disintegrated after 600 minutes (detection of radio active 
CO2 in the person's breath and visual observation on the 
image screen) . 

5 Capsules having a coating layer of 5.3 mg/cm^ from 

copolymer of acid number 100 also reached the colon after 
300 minutes (one test person) but did not disintegrate. 

The conclusion from these tests must be that the 
copolymer of acid number 120 (ratio 1:3.5) is suitable for 
10 the purposes of the invention whereas the copolymer of acid 
number 100 is substantially unsuitable for such purposes. 
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1. A coating or matrix material for medicaments, 

said material comprising a copolymer of (meth) acrylic acid 

and alkyl or hydroxyalkyl (meth) acrylate wherein the ratio 

of free carboxy groups to esterif ied carboxygroups is be- 

5 tween 1:4.5 and 1:3, the limiting values of this range being 
excluded. 

2. A coating or matrix material as claimed in claim 
1, characterized in that the alkyl or hydroxy alkyl (meth)- 
acrylate in said copolymer is a C1.3 alkyl or a C2.4 hydroxy- 

10 alkyl (meth) acrylate. 

3. A method of preparing a coating or matrix materi- 
al for medicaments, characterized by preparing a copolymer 
of (meth) acrylic acid and alkyl or hydroxyalkyl (meth) acryl- 
ate wherein the ratio of free carboxy groups to esterif ied 

15 carboxy groups is between 1:4.5 and 1:3, the limiting values 
of this range being excluded. 

4. A method as claimed in claim 3, characterized in 
that the preparation is effected by copolymerisation of 
(meth) acrylic acid and alkyl or hydroxyalkyl (meth) acrylate 

20 in such proportions that the ratio of free carboxy groups to 
esterified carboxy groups in the end product is between 
1:4.5 and 1:3. 

5. A method as claimed in claim 3, characterized by 
starting with a copolymer of (meth) acrylic acid and alkyl or 

25 hydroxyalkyl (meth) acrylate which has a value between l:i 
and 1:3 for its ratio of free carboxy groups to esterified 
carboxy groups, and partially esterif ying the free carboxy 
groups therein until the ratio of free carboxy groups to 
esterified carboxy groups is between 1:4.5 and 1:3. 

6. A method as claimed in claim 5, characterized in 
that esterif ication is effected by introducing €,.3 alkyl or 
C2.4 hydroxyalkyl groups. 

7. A method as claimed in claim 5, characterized in 
that esterification is effected by introducing methyl groups 

35 with the aid of diazomethane. 
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8 • A medicament provided with a coating or matrix of 
a material as claimed in claim 1. 
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